In recent years, several studies have demonstrated the sensitivity of Global Navigation Satellite System (GNSS) station time series to displacements caused by atmospheric pressure loading (APL). Different methods to take the APL effect into account are used in these studies: applying the corrections from a geophysical model on weekly mean estimates of station coordinates, using observation-level corrections during data analysis, or solving for regression factors between the station displacement and the local pressure. The Center for Orbit Determination in Europe (CODE) is one of the global analysis centers of the International GNSS Service (IGS). The current quality of the IGS products urgently asks to consider this effect in the regular processing scheme. However, the resulting requirements for an APL model are demanding with respect to quality, latency, and-regarding the reprocessing activities-availability over a long time interval (at least from 1994 onward). The APL model of Petrov and Boy (J Geophys Res 109: B03405, 2004) is widely used within the VLBI community and is evaluated in this study with respect to these criteria. The reprocessing effort of CODE provides the basis for validating the APL model. The data set is used to solve for scaling factors for each station to evaluate the geophysical atmospheric
non-tidal loading model. A consistent long-term validation of the model over 15 years, from 1994 to 2008, is thus possible. The time series of 15 years allows to study seasonal variations of the scaling factors using the dense GNSS tracking network of the IGS. By interpreting the scaling factors for the stations of the IGS network, the model by Petrov and Boy (2004) is shown to meet the expectations concerning the order of magnitude of the effect at individual stations within the uncertainty given by the GNSS data processing and within the limitations due to the model itself. The repeatability of station coordinates improves by 20% when applying the effect directly on the data analysis and by 10% when applying a post-processing correction to the resulting weekly coordinates compared with a solution without taking APL into account.
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Introduction
The station coordinates established by the space-geodetic techniques are affected by many effects resulting in geometrical site displacements at different time scales and magnitudes. When analyzing observations of the Global Navigation Satellite Systems (GNSS) it has become widely accepted practice to apply solid Earth tides and ocean tidal loading effects using the latest models for these displacements (McCarthy and Petit 2004) , thus removing the largest effects with magnitudes bigger than a few centimeters. The repeatability and consistency of weekly time series of station coordinates (e.g., within the International GNSS Service, IGS, Dow et al. 2009 ) are therefore well below the centimeter level-even for the vertical component (Ferland and Piraszewski 2009) . Several other geophysical effects are currently not taken into account by the IGS for GNSS data processing-even if the expected effects amount to more than one centimeter. Depending on the location of the station these effects are crustal deformations due to, e.g., atmospheric pressure loading, ocean-induced non-tidal loading, or continental water mass surface loading in the neighborhood of the stations.
Subsequently we focus on atmospheric pressure loading (APL). Several studies successfully assessed APL for spacegeodetic data including the validation of geophysical APL models (Tregoning and van Dam 2005; Steigenberger et al. 2009a; Tesmer et al. 2008; MacMillan and Gipson 1994; van Dam and Herring 1994; Böhm et al. 2009; Bock et al. 2005 , and many others). Tregoning and Watson (2009) have investigated the impact of ignoring APL in the frequency domain of station coordinates time series. Here, we use the model developed by Petrov and Boy (2004)-a model widely used within the VLBI-community (VLBI: Very Long Baseline Interferometry).
The Center for Orbit Determination in Europe (CODE) is interested to improve the quality of the GNSS data processing. For that reason the impact of applying APL corrections 1 on relevant parameters is evaluated in this paper. Because CODE acts as one of the global analysis centers (AC) of the IGS, some additional requirements need to be considered to cover also the operational aspects of this service: -A consistent set of corrections is necessary for the reprocessing activities at least back to 1994. -The final products are generated with a latency of only three days. Consequently the APL corrections are (reliably) needed with the same latency at least. -If the ACs of the IGS start using APL corrections to generate their products, the users of the IGS products will ask for such corrections (e.g., to keep the consistency of a Precise Point Positioning, PPP, Zumberge et al. 1997), as well. -Because of the substantial number of GNSS sites (in particular outside the IGS) an open access of the APL model in grids with a sufficient spatial resolution is required. Providing corrections as time series for individual stations (as it is done, e.g., for VLBI) is not feasible.
These requirements were considered, e.g., when selecting the APL model and its representation. The set of GNSS stations included in the CODE reprocessing effort (details are provided in Sect. 2.1) is used here for validating APL corrections, to compare different methods to consider the APL effect in the GNSS data analysis, and to assess the impact of APL on some selected parameters of the GNSS data processing. The density and the global distribution of the GNSS sites in combination with the nearly continuously available observations make this material an ideal data set to study APL. The APL model by Petrov and Boy (2004) is described in Sect. 2.2.
The weekly GNSS solutions are compared to weekly mean values emerging from the APL model in Sect. 3.1. In a second step the corrections from the APL model are directly applied to the individual observations in the parameter estimation process. To assess the quality of the corrections, scaling factors for the APL corrections from the model are estimated as additional parameters. The results are discussed in Sect. 3.2.
As an alternative to introducing a geophysically derived APL model, one may estimate regression factors between the local pressure and the station displacement; this approach is discussed in Sect. 4. The study is concluded in Sect. 5 by comparing the repeatabilities of the coordinate time series based on the different strategies of applying the APL corrections. Because these results are derived from processing a global and dense GNSS network, the impact of correcting or not correcting for the APL effect on global parameters (datum definition and GNSS satellite orbits) is discussed in Sect. 6. 
